Luminescence studies of perturbation of tryptophan residues of tubulin in the complexes of tubulin with colchicine and colchicine analogues.
Tubulin, a heterodimeric (alphabeta) protein, the main constituent of microtubules, binds efficiently with colchicine (consisting of a trimethoxybenzene ring, a seven-member ring and methoxy tropone moiety) and its analogues, viz., demecolcine and AC [2-methoxy-5-(2',3',4'-trimethoxyphenyl)tropone]. Tubulin contains eight tryptophan (Trp) residues at A21, A346, A388, A407, B21, B103, B346, and B407 in the two subunits. The role of these eight Trp residues in this interaction and also their perturbation due to binding have been explored via time-resolved fluorescence at room temperature and low-temperature (77 K) phosphorescence in a suitable cryosolvent. Both the time-resolved fluorescence data and 77 K phosphorescence spectra indicate that the emitting residues move toward a more hydrophobic and less polar environment after complex formation. The environment of emitting Trps in the complex also becomes slightly more heterogeneous. Our analysis using the experimental results, the calculation of the accessible surface area (ASA) of all the Trps in the wild type and tubulin-colchicine complex [Ravelli, R. B. G., et al. (2004) Nature 428, 198-202], the distance of the Trp residues from the different moieties of the colchicine molecule, the knowledge of the nature of the immediate residues (<5 A) present near each Trp residue, and the calculation of the intramolecular Trp-Trp energy transfer efficiencies indicate that Trp A346, Trp A407, Trp B21, and Trp B407 are the major contributors to the emission in the free protein, while Trp B21 and Trp B103 are mainly responsible for the emission of the complexes. A comparative account of the photophysical aspects of the drug molecules bound to protein in aqueous buffer and in buffer containing 40% ethylene glycol has been presented. The quantum yield and average lifetime of fluorescence in tubulin and its complexes with colchicine are used to predict the possible donors and the energy transfer (ET) efficiency in the ET process from Trps to colchicine in the complex. This study is a unique attempt to identify the Trp residues contributing to the emission in the free protein and in a complex of a multi-Trp protein with a drug molecule without performing the mutation of the protein.